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ABSTRACT
Risk analysis of climate change on plant diseases has great
import an ce  for  agr icu l tu re  s in ce  i t  a l lows  t he  eva lu a t ion  of
management strategies to minimize future damages.  This work
aimed to  s imu la te  fu tu re  scena rios  of  coffee  rus t  (Hemil e ia
vastatrix) epidemics by elaborating geographic distribution maps
using a model that estimates the pathogen incubation period and
the output from three General Circulation Models (CSIRO-Mk3.0,
INM-CM3.0, and MIROC3.2.medres). The climatological normal
from 1961-1990 was compared with that  of the decades 2020s,
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2050s and 2080s using scenarios A2 and B1 from the IPCC. Maps
were prepared with a spatial resolut ion of 0.5 × 0.5 degrees of
lat i tude and  longitude for  ten producing states in  Brazil.  The
climate var iab les  used  were maximum and  min imum monthly
temperatures. The maps obtained in scenario A2 showed a tendency
towards a reduction in the incubation period when future scenarios
are compared with the climatological normal from 1961-1990. A
reduction in the period was also observed in scenario B1, although
smaller than that in scenario A2.
The Fourth Assessment Report (Working Group I) of the
Intergovernmental Panel on Climate Change (IPCC) stated that the
global atmospheric concentration of carbon dioxide, methane and
nitrous oxide has increased as a result of human activities since 1750
and exceeds the pre-industrial values determined from ice cores
spanning many thousands of years (11). As a result, the global surface
temperature has increased approximately 0.2 °C per decade in the last
three decades and 0.8 °C in the past century (9). The effects would
continue for centuries due to the timescales associated with climate
processes and feedbacks, even if greenhouse gas concentrations were
to be stabilized.
IPCC (10) published a set of emission scenarios in the Special
Report on Emission Scenarios (SRES) designed to serve as a basis for
assessment of climate change (from 1990 to 2100). Each scenario
represents a specific quantitative interpretation of one of four
storylines (A1, A2, B1, and B2). Each storyline represents different
demographic, social, economic, technological and environmental
developments. General Circulation Models (GCM), run using these
emission scenarios, have been developed to assess the potential
impacts of global climate change.
Assessment of climate change impacts on plant diseases is receiving
increasing attention as adaptation strategies can come only from
improved knowledge (6). Bergot et al. (2) have used a GCM to predict
a range expansion of Phytophthora cinnamomi, over 100 years, by
modeling the temperature of phloem in infected trees to evaluate over-
wintering probabilities. In order to assess the impacts of climate change
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RESUMO
A análise de risco das mudanças climáticas globais sobre doenças
de plantas é de grande importância para o setor agrícola, pois permite
a avaliação de estratégias de manejo para  min imizar  preju ízos
futuros. O presente trabalho teve por objetivo simular os cenários
futuros de epidemias de ferrugem do cafeeiro (Hemileia vastatrix),
pela elaboração de mapas de distribuição geográfica usando um
modelo que estima o período de incubação do patógeno e dados de
três modelos climáticos globais (CSIRO-Mk3.0, INM-CM3.0, and
MIROC3.2.medres). O período da normal climatológica de 1961-
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1990 foi comparado com as décadas de 2020, 2050 e 2080, usando
cenários A2 e B1 do IPCC. Mapas foram preparados com resolução
espacial de 0,5 X 0,5 graus de latitude e longitude para dez Estados
produtores do Brasi l.  As variáveis climáticas ut i lizadas foram
temperaturas máximas e mínimas mensais. Os mapas obtidos no
cenário A2 permitem verificar que há tendência de redução do período
de incubação, quando se compara os cenários futuros com o clima de
1961-1990. No cenário B1, também foi observada redução do período,
porém nota-se que é inferior ao cenário A2.
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on the pressure of downy mildew infections in grapes, an empirical
disease model developed by Salinari et al. (15) for the area of study
was run using climate change scenarios generated by two GCM. Ghini
et al. (7) estimated probable impacts of climate change on the black
Sigatoka disease (Mycosphaerella fijiensis) of banana in Brazil, through
the elaboration of distribution maps using data from six GCM, and
observed that there will be a reduction in the favorable area for the
disease in the country.
Coffee rust, caused by Hemileia vastatrix, is a major disease of
coffee plants, which constitutes an important commodity for Brazil
and other tropical countries. The incubation period – the time
interval between inoculation and the appearance of symptoms – is
a critical stage of the pathogen’s biological cycle. When
environmental conditions occur at an optimum, the pathogen can
invade the plant up to the maximum of its potential, resulting in a
reduction in incubation periods and more severe epidemics. The
aim of this paper was to simulate future scenarios of coffee rust
epidemics under climate change, by elaborating geographic
distribution maps using a model of the pathogen incubation period
and the output from three GCM (CSIRO-Mk3.0, INM-CM3.0
and MIROC3.2.medres). The climatological normal from 1961-
1990 was compared with that of decades 2020s, 2050s, and 2080s
in scenarios A2 and B1.
MATERIAL AND METHODS
Maximum and minimum mean monthly temperatures were
obtained from the DDC-IPCC (http://www.ipcc-data.org/sres/
gcm_data.html). In order to characterize the normal climate,
information was taken into account regarding the climatological
normal of the period from 1961 to 1990. For future climate, three
GCM that present data for these climatic variables were used:
CSIRO-Mk3.0 (CSIRO Atmospheric Research, Australia), INM-
CM3.0 (Institute for Numerical Mathematics, Russia), MIROC3.2.
and medres (Center for Climate System Research, Japan). The
future scenarios used were A2 and B1, focused on the 2020s (period
between 2011 and 2040), 2050s (period between 2041 and 2070)
and 2080s (period between 2071 and 2100). Valverde & Marengo
(17) described the alterations for Brazilian climate under these
scenarios.
The data files were obtained from DDC-IPCC containing
monthly maximum and minimum temperature data for the
climatological normal from 1961-1990 and future periods for each
GCM and years from 2011 to 2100, for both scenarios A2 and B1.
The original data, comprising the South-American continent, were
organized in a computer system for management of climate data,
developed using the database management system Firebird 2.0, the
Object Pascal language of Delphi software, and the tool for data
manipulation IBExpert, according to the latitudes and longitudes
defined by each model. The information pertaining to the Brazilian
territory was selected for the following steps:
The Idrisi 32 GIS (Geographic Information System) was used
to prepare georeferenced maps. Because of different spatial
resolutions of the GCM (CSIRO-Mk3.0: 1.875º × 1.865º, INM-
CM3.0: 5.0º × 4.0º, and MIROC3.2.medres: 2.81252º × 2,7904º),
the data were interpolated by the Square Inverse Distance method,
resulting a final spatial resolution of 0.5º × 0.5º in latitude and
longitude.
The monthly maximum and minimum temperatures for the
future scenarios were obtained by the average of the three GCM,
using the GIS spatial analysis tools (arithmetic operation). Based
on these maps for scenarios A2 and B1 in the climatological normal
from 1961-1990 and future periods (2020, 2050, and 2080), maps
were obtained showing estimated coffee rust incubation periods.
This was accomplished by using the model developed by Moraes
et al. (14), in which the incubation period is estimated based on the
air temperature extremes [incubation period = 103.01 – 0.98
(maximum temperature) – 2.10 (minimum temperature)]. The data
in the obtained maps were classified into categories with incubation
period intervals of 10 days. The areas corresponding to the states
of Bahia (BA), Espírito Santo (ES), Goiás (GO), Mato Grosso
(MT), Mato Grosso do Sul (MS), Minas Gerais (MG), Paraná
(PR), Rio de Janeiro (RJ), Rondônia (RO), and São Paulo (SP)
were selected from the georeferenced maps due to the importance
of these regions for the coffee-growing activity in Brazil (Figure
1). A mask outlining the states was applied onto the maps.
To compare H. vastatrix incubation period observed in field
experiments in the climatological normal period from 1961-1990
with the estimates obtained for 2080 in scenario A2, graphs were
obtained for four regions. The data used were obtained by Moraes
et al. (14), in the regions of Campinas (SP, longitude: 47.0º west,
latitude: 22.8º south, and 673 m elevation), Monte Alegre do Sul
(SP, longitude: 46.7º west, latitude: 22.7º south, and 777 m
elevation), and Pindorama (SP, longitude: 49.0º west, latitude: 21.2º
south, and 562 m elevation), and by Kushalappa & Martins (12) in
Viçosa (MG, longitude: 42.9º west, latitude: 20.7º south, and 689
m elevation).
RESULTS AND DISCUSSION
A tendency toward a reduction in H. vastatrix incubation period
was observed in all future scenarios studied in relation to 1961-1990
climatological normal (Figures 2, 3, 4, and 5). This change will be more
pronounced over the years, i.e., the maps obtained for 2080 show
the shortest  incubation periods due to  global  warming
intensification if severe mitigation measures are not adopted to
reduce greenhouse gas emissions.
The maps obtained for scenario A2 show more pronounced
incubation period reductions than those obtained for scenario B1.
The former scenario is characterized by high projections of both
population and greenhouse gas emissions from the present to 2100,
resulting in more pronounced impacts than those obtained in B1.
Scenario A2 family describes a very heterogeneous world. The
underlying theme is self-reliance and preservation of local identities.
Fertility patterns across regions converge very slowly, which
results in a continuously increasing population. Scenario B1 family
describes a convergent world, with the same global population as
A1, but with more rapid changes in economic structures toward a
service and information economy (10).
In general, incubation periods predicted for 2080 were shorter
than those determined in experiments conducted under field
conditions in the regions studied by Moraes et al. (14) and
Kushalappa & Martins (12) (Figure 6). Data obtained by Figueiredo
et al. (3) for coffee-growing regions in the state of São Paulo also
indicate higher values than those predicted for the future scenario.
Results from these field studies conducted during the climatological
normal period from 1961-1990 demonstrate this tendency for a
shortened disease cycle. The distribution of the disease over the
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Figure 1. Location of selected coffee-producing states in Brazil.
months of the year should not undergo any changes since the
shortest incubation periods still occur during the summer, while
the longest ones occur during the winter in the future scenarios
(Figures 2, 3, 4, and 5).
Climate change will affect the agroclimatic zoning, production
and costs of the coffee crop. Results obtained by Gay et al. (5)
comparing present and future expected coffee production suggest
that changes in temperature and precipitation could cause a
reduction of up to 34 % in coffee production in Veracruz, Mexico,
by the year 2020. For Brazil, according to Assad et al. (1), a
reduction in suitable coffee-growing areas greater than 95 % is
expected in GO, MG and SP, and about 75 % in PR in case of a
temperature increase of 5.8 ºC. However, these results assume
that all physiological characteristics of the crop will remain the
same for the varieties analyzed; that the ideal condition for the
economic development of the crop is a mean annual temperature
between 18 ºC and 23 ºC; in addition, a high fixed temperature
increase value was adopted. However, Hamada et al. (8) concluded
that using fixed average temperature increases resulted in an
underestimation of the number of cycles of coffee leaf miner
(Leucoptera coffeella) in the future, compared  to the adoption of
temperature increases that vary spatially and temporally, as in the
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Figure 2. Maps of Hemileia vastatrix incubation periods (days) in coffee plants from January to June for the climatological normal from 1961-1990 and
future climates (2020, 2050, and 2080) in scenario A2.
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Figure 3. Maps of Hemileia vastatrix incubation periods (days) in coffee plants from July to December for the climatological normal from 1961-1990
and future climates (2020, 2050, and 2080) in scenario A2.
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Figure 4. Maps of Hemileia vastatrix incubation periods (days) in coffee plants from January to June for the climatological normal from 1961-1990 and
future climates (2020, 2050, and 2080) in scenario B1.
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Figure 5. Maps of Hemileia vastatrix incubation periods (days) in coffee plants from July to December for the climatological normal from 1961-1990
and future climates (2020, 2050, and 2080) in scenario B1.
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present work by the use of GCM.
However, there are several uncertainties with the application of
models for predicting climate change effects on plant diseases. Regional
climatic models to predict future scenarios would allow the use of
more detailed information about the climate and would reduce
uncertainties about the results, whose efforts are presently being carried
out at a worldwide level (13). In addition, the time scales of the
climatic models available are related to monthly means; however, it is
known that pathogen-host interactions occur at time scales often shorter
than 24 hours. The low temporal and spatial resolutions of GCM
impair the evaluation of biological responses, such as the development
of diseases, which require daily or even hourly information. One of
the most significant challenges is to link biological-process model
requirements to the availability of climate models, under long-term
approaches (4, 16).
Other climatic variables, in addition to those of the used
incubation period model, which will also be affected by climate
change, might play important roles at different stages of the
disease cycle and affect the occurrence of epidemics. The
poten tia l  for  adaptat ion by plants and pes ts is  another
complicating factor that is often ignored in models. Despite
the limitations of the results obtained, this work adopts a
methodology still  infrequently employed in plant disease
studies and calls the attention to potential climate change
impacts on the occurrence of an important disease for Brazilian
agriculture, demonstrating the need of defining public policies
targeted at mitigating and/or adapting to a new climate scenario.
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